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methodologyAbstract A satisfactory model for predicting monomer conversion in free radical polymerization
has been a challenge due to the complexity and rigors associated with classical kinetic models. This
renders the usage of such model an exciting endeavour in the academia but not exactly so in indus-
trial practice. In this study, the individual and interactive effects of three processing conditions
(reaction temperature, reaction time and initiator concentration) on monomer conversion in the
solution polymerization of styrene using acetone as solvent was investigated in a batch reactor
through the central composite design (CCD) model of response surface methodology (RSM) for
experimental design, modelling and process optimization. The modelled optimization conditions
are: reaction time of 30 min, reaction temperature of 120 C, and initiator concentration of
0.1135 mol/l, with the corresponding monomer conversion of 76.82% as compared to the observed
conversion of 70.86%. A robust model for predicting monomer conversion that is very suitable for
routine industrial usage is thus obtained.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Free radical polymerization (FRP) is a chain growth polymer-
ization technique that is widely used in the industries due to its
versatility in monomer selection and relative insensitivity to
impurity (Mastan et al., 2015), especially in the synthesis ofhigh molecular weight polymers (Krzysztof, 1998). Its essential
feature is that polymer chains are initiated, propagated, and
terminated almost instantaneously. Modelling of polymeriza-
tion reaction is crucially vital in designing and optimizing reac-
tion conditions for tailoring product properties in addition to
enabling the prediction of conversion proﬁle. Yong et al.
(2015) opined that ‘‘it is of technological importance to
develop an effective computational model for FRP, and
thereby, aid in optimizing experimental conditions to achieve
the desired polymerization products”. Kinetic modelling of
free radical polymerization is characterized by intricacies, inac-
curacies and mathematical rigors which render its routine
usage, especially in practice, a serious challenge. The model
enables the prediction of such crucial parameters as monomerresponse
2 R.U. Owolabi et al.conversion, number average molecular weight (Mn), weight
average molecular weight (Mw) and polydispersity index
(PDI). The classical quasi-steady state approximation fails to
provide accurate results especially at high conversion owing
to an increased viscosity of the reaction mixtures in the face
of continuous occurrence of initiation throughout the poly-
merization. This is further compounded by an increased tem-
perature for this inherently exothermic reaction, especially in
the absence of adequate heat removal. This dynamics of the
host solution engenders phenomena such as gel, glass and cage
effect which complicate kinetic modelling. Several workers
have attempted incorporating each of these occurrences in
their models to varying degree of success (Achilias and
Kiparissides, 1988, 1992; Venkateshwaran and Kumar, 1992;
Frounchi et al., 2002; Keramopoulos and Kiparissides, 2002,
2003; Achilias, 2007; Verros and Achilias, 2009). However,
these efforts largely result in models with a limited range of
application.
Recently, Garg et al. (2014a–d) derived an analytical solu-
tion for free radical polymerization and validated same for
various possible scenarios to establish its general applicability.
The effectiveness of the Garg model was further corroborated
by its good prediction of monomer conversion in the solution
polymerization of styrene using acetone as solvent (Owolabi
et al., 2014). However, the model is still fraught with the inher-
ent complexity and mathematical rigors of other kinetic mod-
els. Another recent effort by Yong et al. (2015) to model free
radical polymerization using dissipative particle dynamics
hardly address the enumerated shortcomings. There is there-
fore the need for a robust model that is valid for all range of
conversion and yet simple enough for routine industrial appli-
cation. Such model should be based on process parameters
rather than live and dead chains as obtained in the kinetic
models. To this end, the response surface methodology proves
invaluable.
Response surface methodology (RSM) is a statistical exper-
imental design that enables simultaneous varying of process
variables, unlike what obtains in the conventional experimen-
tation, thereby eliciting the interaction between such variables.
It is a faster and more economical method for gathering
research results than the classic one-variable at a time or
full-factor experimentation (Krishnaiah et al., 2015). It also
provides a model equation relating the response parameter
to the process variables and optimization of the same. It is a
veritable tool that has been deployed in a wide range of ﬁelds
namely; transesteriﬁcation (Betiku et al., 2015; Muppaneni
et al., 2013), solvent extraction (Rai et al., 2016;
Mohammadi et al., 2016), adsorption (Ahmed and Theydan,
2014; Ezechi et al., 2015), Fenton process (Kumar and Pal,
2012), drying operations (Krishnaiah et al., 2015), carrageenan
production (Bono et al., 2014) etc.
In polymer and related ﬁelds, RSM has found application
in some reported studies (Ghasemi et al. 2010; Lee et al.,
2011; Nasef et al., 2011; Banerjee et al., 2012; Chieng et al.,
2012; Zheng et al., 2015; Rojo et al., 2015; Razak et al.,
2015; Fattahpour et al., 2015; Hirzin et al., 2015;
Davoudpour et al., 2015). Razali et al. (2015) used RSM to
study the grafting of polydiallydimethylammonium chloride
(PolyDADMAC) to cassava starch using potassium persul-
phate (KPS) as a free radical initiator. Four variables were
investigated via central composite design (CCD) namely; mole
ratio of diallydimethylammonium chloride (DADMAC) toPlease cite this article in press as: Owolabi, R.U. et al., Modelling and optimization
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centration to determine their individual and interactive effects
on the grafting percentage. They obtained satisfactory results
as the actual experimental yield at optimized conditions was
very close to the value predicted by their derived model.
Aroonsingkarat and Hansupalak (2013) studied the effect of
processing conditions on monomer conversion in the graft
copolymerization of polystyrene and rubber using response
surface methodology via CCD. The reaction temperature,
time, percentage of deproteinized rubber, and amount of chain
transfer agent were the four variables investigated. In a related
study, Sresungsuwan and Hansupalak (2013) investigated the
inﬂuence of processing conditions on the mechanical proper-
ties of compatibilized styrene/natural rubber blend using
CCD. To the best of our knowledge, no such study has been
reported in the literature for solution polymerization of
styrene.
In our previous contributions, we established the various
factors inﬂuencing monomer conversion in the solution poly-
merization of styrene (solvent polarity, nature and concentra-
tion of initiator, monomer concentration, reaction temperature
and time) and their limiting values (Kehinde et al., 2013;
Owolabi et al., 2014, 2015). In the present study, we explore
the effect of initiator concentration, reaction time and reaction
temperature on monomer conversion in the solution polymer-
ization of styrene with acetone as solvent. Response surface
methodology via CCD was used to design the experiment, gen-
erate a model and optimize the process variables. The overall
objective is to obtain a model equation for routine determina-
tion of monomer conversion as a function of these processing
conditions.
2. Materials and methods
2.1. Materials
The chemicals used are styrene (99%) inhibited by 10–15 ppm
4-tertbutylcatechol, benzoyl peroxide (75%), methanol
(CH3OH) (99.8%), sodium sulphate (Na2SO4) (99%), sodium
hydroxide (NaOH) (98%), and acetone (99.9%). All the
reagents were of analytical grade, purchased from Sigma
Aldrich in Germany and used as received except for styrene
monomer which was de-stabilized as previously described
(Kehinde et al., 2013; Owolabi et al., 2014, 2015).
2.2. Polymerization
The polymerization was conducted in a 62 mm diameter round
bottom pressure double neck reaction ﬂask equipped with a
reﬂux system. The vapourized acetone was collected by a reﬂux
condenser. In each run, speciﬁc amount of BPO and styrene
monomer concentration (8.612 M) were dissolved in a desired
volume of acetone to maintain a monomer to solvent ratio of
1:1. The reactor was maintained at the speciﬁed temperature
and time as shown in Table 2. Thereafter, the reactor was
opened up, and cooled to collect the resulting polymer solu-
tion. The clear polymer solution was added to about 3 ml of
methanol in a beaker with continuous stirring to precipitate
the polymer. The top clear solvent was decanted while the bot-
tom polymer samples were air-dried to remove excess solvent
and dried for 2 weeks at room conditions until a constantof process variables for the solution polymerization of styrene using response
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Modelling and optimization of process variables 3weight was reached. Each run was conducted in triplicates and
the average value taken. Monomer conversion was determined
by gravimetric method as described in a previous study
(Kehinde et al., 2013).
2.3. Design of experiment
In this study, polystyrene samples were prepared via solution
polymerization of styrene using acetone as solvent and benzoyl
peroxide (BPO) as initiator. The variables studied were the
reaction temperature (X1), initiator concentration (X2), and
reaction timeðX3Þ: All variables and their respective range were
chosen based on our earlier studies (Kehinde et al., 2013;
Owolabi et al., 2014, 2015) as shown in Table 1. A ﬁve-level-
three-factor central composite design (CCD) was employed,
requiring 20 experimental runs (calculated based on Eq. (1))
which consist of 8 factorial runs, 6 axial runs and 6 replicate
runs at the centre.
N ¼ 2n þ 2nþNc ¼ 23 þ 2x3þ 6 ¼ 20 ð1Þ
where N is the total experimental runs and n is the number of
variables.
The a-value for this design was ﬁxed at 1 (face-centred),
and the response for this experiment was the percent monomer
conversion ðYÞ. The response was used to develop an empiricalTable 1 Experimental variables and their coded levels for central co
Variables Units Coded variables level
a 1
X1 C 39.55 60
X2 mol/l 0.0304 0.051
X3 min 16.36 30
Table 2 Experimental design matrix for the preparation of the styr
Run Coded factor Actual factor
X1 X2 X3 X1 (C) X2 (m
1 0 0 0 90 0.0825
2 0 0 0 90 0.0825
3 1 1 1 60 0.0516
4 0 0 1.6818 90 0.0825
5 0 0 0 90 0.0825
6 1 1 1 60 0.1135
7 0 1.68179 0 90 0.1346
8 1 1 1 60 0.1135
9 1 1 1 120 0.1135
10 1.6818 0 0 39.546 0.0825
11 1 1 1 60 0.0516
12 1 1 1 120 0.0516
13 0 0 0 90 0.0825
14 1 1 1 120 0.0516
15 1 1 1 120 0.1135
16 0 0 0 90 0.0825
17 0 0 0 90 0.0825
18 0 0 1.6818 90 0.0825
19 0 1.6818 0 90 0.0304
20 1.6818 0 0 140.454 0.0825
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ables using a second-degree polynomial as shown in Eq. (2).
Y ¼ bo þ
Xn
i¼1
biXi þ
Xn
i¼1
biiXii þ
Xn1
i¼1
Xn
j¼iþ1
bijXiXj ð2Þ
where Y is the predicted response, bo is a constant coefﬁcient,
bi is a linear coefﬁcient, bii is the quadratic equation, bij is an
interaction coefﬁcient, and Xi and Xj are the coded values of
the polymerization variables. Table 2 shows the run order,
experimental design and the observed response (% monomer
conversion) for the three variables and 20 experimental runs
generated. Design Expert software (minitab 16.1) is used for
RSM regression analysis and optimization of monomer con-
version data with input parameters. The statistical testing of
the model, which includes linear, quadratic and interaction
coefﬁcient, is performed by ANOVA analysis with F-test to
obtain the empirical correlation between input and output
parameters. To examine the goodness of ﬁt of the model, each
term of model is tested statistically which conﬁrmed the signif-
icance of F-values with p 6 0.05. The values of R2, adjusted R2,
and predicted R2, lack of ﬁt and adequate precision of models
are obtained to check the quality of the suggested polynomial.
The response surface plot and contour plot are drawn to visu-
alize the input–output relationships.mposite design.
0 1 a
90 120 140.45
5 0.0825 0.1135 0.1346
50 70 83.64
ene polymerization.
% Conversion
ol/l) X3 (min) Observed response Predicted response
50 47.46 48.23
50 48.12 48.23
30 33.55 37.53
83.6359 48.34 50.53
50 48.79 48.23
30 45.92 48.44
50 57.84 58.40
70 44.37 45.16
30 76.82 76.41
50 45.25 40.59
70 34.88 36.02
70 54.31 52.53
50 49.00 48.23
30 55.19 55.14
70 75.28 72.04
50 47.24 48.23
50 48.57 48.23
16.3641 58.72 55.48
50 34.44 32.83
50 74.39 78.00
of process variables for the solution polymerization of styrene using response
), http://dx.doi.org/10.1016/j.jksues.2015.12.005
Table 3 Coefﬁcient of the model.
Factor Coeﬃcient
Coded Uncoded (actual)
Constant 48.2265 53.2398
X1 11.1217 0.619582
X2 7.6016 188.92
X3 1.4716 0.395978
X21 3.9144 0.00434928
X22 0.9223 962.788
X23 1.6905 0.00422626
X1X3 0.2750 0.000458333
X2X3 0.4425 0.714863
X1X2 2.5925 2.79214
R-square 96.81%
Adjusted R-square 76.30%
Predicted R-square 93.94%
4 R.U. Owolabi et al.2.4. Characterization
The sample prepared with optimum processing conditions
(optimized sample) was characterized to establish its true nat-
ure. The IR spectra of the sample dispersed in KBr discs were
done using Perkin Erlmer spectroscopy. DSC/DTA scanning
of the sample was carried out on a DSC Q200 machine. The
sample was pulverized for morphological analysis using elec-
tron microscopy.
3. Results and discussion
3.1. Development of regression model equation
The observed percent monomer conversions for the 20 exper-
imental runs are presented in Table 2. These data are used to
determine the coefﬁcient of the polynomial equation as earlier
explained in Section 2.3. These estimated coefﬁcients for both
the coded and actual values are shown in Table 3 along withTable 4 Analysis of variance (ANOVA) for response surface quad
Source Sum of squares DF M
Regression model 2839.34 9 31
Linear 2507.97 3 83
X1 1689.25 1 16
X2 789.15 1 78
X3 29.57 1 29
Square 275.42 3 91
X21 233.57 1 22
X22 12.26 1 12
X23 29.60 1 41
Interaction 55.94 3 18
X1X3 0.60 1 0.
X2X3 1.57 1 1.
X1X2 53.77 1 53
Residual error 93.49 10 9.
Lack of ﬁt 90.89 5 18
Pure error 2.60 5 0.
Total 2932.83 19
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R2. The quadratic models in terms of coded and actual value of
variables are shown in Eqs. (3) and (4), respectively.
Y ¼ 48:2265þ 11:1217X1 þ 7:6016X2  1:4716X3
þ 3:9144X21  0:9223X22 þ 1:6905X23  0:2750X1X3
 0:4425X2X3 þ 2:5925X1X2 ð3Þ
Y ¼ 53:2398 0:619582X1 þ 188:92X2  0:395978X3
þ 0:00434928X21  962:788X22 þ 0:00422626X23
þ 2:7921X1X2  0:000458333X1X3  0:714863X2X3 ð4Þ
The positive signs in the models signify synergetic effects of
factor while the negative sign indicates antagonistic effect.
The analysis of variance (ANOVA) of the regression model
(Table 3) revealed R2 value of 0.9681, indicating that the model
can explain 96.81% of the data variation and only 3.19% of
the total variations were not explained by the model. For a
model to be adequate, R2 value should not be less than 0.75
(Le Man et al., 2010). However, Koocheki et al. (2009) posited
that a large value of R2 does not always imply that the regres-
sion model is a good one and such inference can only be made
based on a similarly high value of adj R2. The value of the
adjusted determination coefﬁcient (Adj R2 = 0.9394) therefore
conﬁrmed that the model was highly signiﬁcant, which indi-
cated a good agreement between the experimental and pre-
dicted values of monomer conversion. Thus the model is
adequate for prediction in the range of experimental variables.
According to Rai et al. (2016), adj R2 and pred R2 should be
within 20% to be in good agreement. This requirement is sat-
isﬁed in this study with a pred. R2 value of 0.7630. The model
therefore offers 76.3% variability in prediction monomer con-
version beyond the experimental range of process conditions.
Table 4 shows the ANOVA of each term of the quadratic
model. A term is signiﬁcant if the F-value is large and
P< 0.05. From the table, the linear terms X1 and X2 are sig-
niﬁcant, only one quadratic term X21 and one interaction term
X1X2 are signiﬁcant. The other terms have no signiﬁcant effect
on monomer conversion.ratic model.
ean square F-value T-value P-value
5.48 33.74 38.673 0.000
5.99 89.42 13.442 0.000
89.25 180.69 9.187 0.000
9.15 84.41 1.779 0.000
.57 3.16 0.106
.81 9.82 4.860 0.003
0.81 23.62 1.145 0.001
.26 1.31 2.099 0.279
.18 4.41 0.062
.65 1.99 0.254 0.179
60 0.06 0.409 0.802
57 0.17 2.398 0.691
.77 5.75 0.037
35
.18 34.95
52
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Figure 1 Conversion of styrene monomer observed in the
experiment versus predicted values by the model.
Figure 2a Response surface plot of the interactive effect of
initiator concentration and reaction temperature on % styrene
conversion holding reaction time constant.
Modelling and optimization of process variables 5Fig. 1 shows the plot of predicted conversion by the devel-
oped model against experimental values. The model success-
fully captured the correlation between the process conditions
and monomer conversion because the predicted values were
very close to the observed values.Figure 2b Response surface plot of the interactive effect of
initiator concentration and reaction time on % styrene conversion
holding reaction temperature constant.
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Three-dimensional response surfaces were plotted to investi-
gate the interaction among the variables and to determine
the optimum condition of each factor for maximum styrene
conversion. The effect of initiator concentration and reaction
temperature on styrene conversion at a constant reaction time
of 50 min is presented in Fig. 2a. As the reaction temperature
and initiator concentration increase, the styrene monomer con-
version increases. Maximum styrene conversion was obtained
at initiator concentration 0.1346 mol/l. The optimum styrene
conversion could be obtained at about 120 C and at initiator
concentration 0.1346 mol/l. In overall, there is a net positive
interactive effect between the two process variables. This is a
strong indication of the dependence of the styrene monomer
conversion on both the temperature and initiator
concentration.
The interactive effect of initiator concentration and reac-
tion time on styrene conversion at a constant reaction temper-
ature of 90 C is shown in Fig. 2b. The conversion was
observed to rapidly increase with an increase in initiator con-
centration compared to that of reaction time. There is a nega-
tive signiﬁcant interaction between the initiator concentration
and reaction time. This shows that the styrene conversion
reduces with an increase in initiator concentration and reaction
time. There is probably an indication of lower solvent cage
effect below this temperature at particular reaction time which
allows the generated radicals to escape into the bulk medium
and grow.
The plot on Fig. 2c is similar to that of Fig 2b. The interac-
tive effect of reaction temperature and reaction time on
styrene conversion at a constant initiator concentration of
0.0825 mol/l is shown in Fig. 2c. The conversion was observed
to rapidly increase with an increase in reaction temperature
compared to that of reaction time. There is a negative signiﬁ-
cant interaction between the reaction temperature and reaction
time. This shows that the styrene conversion reduces with an
increase in reaction temperature and reaction time above the
optimum value of 0.0825 mol/l initiator concentration.
Fig. 2d shows the contour plots of styrene conversion as a
function of reaction temperature and time. It can be seen that
an increased temperature and lower reaction time (between 20
and 30 min) would increase the styrene conversion. This may
be due to the formation of radical population at the earlyFigure 2c Response surface plot of the interactive effect of
reaction temperature and reaction time on % styrene conversion
holding initiator concentration constant.
of process variables for the solution polymerization of styrene using response
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Figure 2d Contour plot of % conversion vs reaction tempera-
ture, reaction time.
Figure 2e Contour plot of % conversion vs initiator concentra-
tion, reaction time.
Figure 2f Contour plot of % conversion vs initiator concentra-
tion, reaction temperature.
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80%, between 70–80%, 60–70%, 50–60% and less than 50%
are obtainable at reaction temperatures of 140, 120, 100 and
72 C, respectively at a constant initiator concentration of
0.0825 mol/l. The reaction temperature and reaction times
demonstrated a suppressive effect on each other.
Fig. 2e shows the contour plots of styrene conversion as the
function of initiator concentration and reaction time. From the
plots, operating at high initiator concentration and low reac-
tion time as experienced in earlier case is favorable to increase
conversion while holding temperature at 90 C. A suppressive
effect or interplay was also observed by the two process vari-
ables (initiator concentration and reaction time). Least conver-
sion of less than 35% conversion is obtainable at operating
conditions 30–75 min reaction time, 0.04 mol/l initiator con-
centration and 90 C.
A synergetic effect of process variables (initiator concentra-
tion and reaction temperature) was observed in Fig. 2f. High
styrene conversion (greater than 90%) is obtained at higher
reaction time and higher initiator concentration while low styr-
ene conversion reverse happens (less than 35%) at reversed
operating conditions.
3.3. Optimization and validation
In order to obtain the maximum response that jointly satisﬁes
all process conditions, optimization was carried out using the
RSM software. The optimum conditions obtained from this
study are as follows: reaction time of 30 min, reaction temper-
ature of 120 C and initiator concentration of 0.1135 mol/l.
The corresponding optimized monomer conversion is
76.82%. Validation experimental runs were conducted using
the optimum conditions in duplicate and the average value
of conversion obtained is 70.86%. In comparison with the pre-
dicted value there is an error of about 8.41%. There is there-
fore a good agreement between the experimental value and
the predicted value based on the model. It is also pertinent
to mention that the optimized conversion obtained in this
study is remarkably comparable with a conversion of 70% at
a similar temperature of 120 C reported to be frequent in
industrial sites for the production of general purpose polystyr-
ene resins (Mermier et al., 2015).
3.4. Characterization of the polystyrene
The polystyrene sample prepared with optimum conditions
was subjected to various analyses and the ﬁndings are pre-
sented and discussed in this section.
3.4.1. Spectral analysis
The IR spectra of the optimized sample and another sample
prepared by bulk polymerization indicate that the aromatic
ring and alkene that characterize polystyrene dominate the
spectrogram (1448.74–1695.18 cm1). The peaks at 1599.01
and 1448.74 cm1 are assigned to C‚C stretching of phenyl
group. The CAH deformation vibration band of benzene ring
hydrogen was seen at 751.64 cm1 and ring deformation was
observed at 693.61 cm1 (Naghash et al., 2007; Kaniappan
and Latha, 2011). This conﬁrmed that the PS retained the
alkene or benzene rings of the styrene from which it was
formed. Both the reference and Sample spectrograms areof process variables for the solution polymerization of styrene using response
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Table 5 Polystyrene major peaks.
S/N Wave numbers in cm1
(Nicholas, 2012)
Wave numbers in cm1
(this study)
1 538.8 537.76
2 623.3 693.61
3 694.1 –
4 752.1 751.64
5 905.9 906.84
6 966.4 –
7 1025.7 1024.50
8 1068.4 1068.35
9 – 1270.03
10 1367.6 1367.42
11 1448.8 1448.74
12 1491.0 1492.98
13 1599.3 1599.01
14 – 1695
15 2849.9 –
16 2920.1 2849.12
17 – 2919.93
18 3024.9 3025.14
19 3059.5 3058.63
20 – 3743.77
Modelling and optimization of process variables 7almost identical in peak position and intensity (Table 5)
excluding the peak above 3500 cm1 in the sample spectra
probably due to the presence of minor foreign materials.
3.4.2. Molecular weight
The molecular weight of the optimized sample was determined
through viscosity measurement as previously reported
(Kehinde et al., 2013). The value obtained was
5.65738  105, when compared with the recommended values
(5.5–20.5  105) reported by Wagner (1985) and Goldberg
et al. (2003), it is within acceptable range for easy processabil-
ity. The optimized sample therefore has useful commercial
applications and the ability to bear sufﬁcient design loads.
3.4.3. Thermal properties
Bindu et al. (2001) linked the melting point of materials to its
thermal property. Park et al. (2001) similarly related melting
point of polymers to their molecular weights, degree of cross
linking and polymer rigidity. Materials with sharp melting
points exhibit sound thermal, morphological and molecular
properties. The melting point of optimized sample in this study
was determined to be in the range of 215–220 C. This is
slightly different from values reported for polystyrene in liter-
ature such as 240 C (Maria et al., 2008), 262.9–270.1 C (Chen
et al., 2009) and 275 C (Brun et al., 2011). As observed in the
spectral analysis, the reduced melting point in this study may
be as a result of foreign bodies likely to be present in the PS
(as evidenced by Peak 3500 cm1). However, the wide dis-
agreement in the melting points of PS obtained by Maria
et al. (2008) with others is due to the nature of PS formed in
each case. The later synthesized ordered syndiotactic polystyr-
ene (through Ziegler–Natta polymerization) with the phenyl
groups positioned on alternating sides of the hydrocarbon
backbone. This form is highly crystalline with a Tm of
270 C (518 F). Such PS is not commercially produced
because the polymerization is slow. The former performedPlease cite this article in press as: Owolabi, R.U. et al., Modelling and optimization
surface methodology. Journal of King Saud University – Engineering Sciences (2016similar polymerization though under different control and
activation environments. Differential scanning calorimetry
(DSC)/Digital thermal analyser (DTA) performed on the
optimized PS samples detects no exothermic peak. The absence
of the peak is an indication of the formation of atactic
polystyrene (aPS) in which the phenyl groups are randomly
distributed on both sides of the polymer chain (Maria et al.,
2008). This random positioning prevents the chains from
aligning with sufﬁcient regularity to achieve any crystallinity.
In a similar vein, Brun et al. (2011) carried out DSC/DTA
analysis on both aPS and syndiospeciﬁc polystyrene (sPS)
and obtained no peak for aPS.
4. Conclusion
The individual and combined effects of three processing condi-
tions (reaction time, reaction temperature, and initiator con-
centration) on monomer conversion, in the radical solution
polymerization of styrene, were studied using CCD model of
RSM. The optimum factors were determined as reaction time
of 30 min, reaction temperature of 120 C, and initiator con-
centration of 0.1135 mol/l. Under these conditions, the opti-
mized (maximum) monomer conversion is 76.82%. The
obtained quadratic regression model is very adequate based
on ANOVA test. A robust model for predicting monomer con-
version in styrene polymerization that is suitable routine indus-
trial application has been developed. Characterization test (IR,
DSC/DTA, molecular weight) conﬁrmed that the optimized
sample possesses the necessary properties of polystyrene.
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